We prepared clathrin
. Direct observation of this transport process by light and electron microscopy has served as the principal morphological method (Pastan and Willingham, 1981) . A biochemical approach (Mello et al., 1980; Pilch et al., 1983) has entailed the demonstration of specific binding sites in coated vesicle preparations that may be derived from coated pits (Pearse, 1975 (Pearse, , 1978 or that may be internal coated vesicles seen in electron micrographs (Friend and Farquhar, 1967; Rothman and Fine, 1980; Rothman et al., 1980; Willingham and Pastan, 1982) .
By careful subcellular localization of rat and bovine brain opiate receptors, we have discovered a population of binding sites in smooth microsomes (Roth et al., 1981 (Roth et al., , 1982 . These microsomal sites are candidates for internalized receptors or intracellular precursors of the opiate receptor. Recently, independent reports have appeared on the opioid peptide-induced down-regulation of opiate receptors with concomitant internalization of peptide in cultured aggregated fetal brain cells (Simantov et al., 1982) and neuroblastoma cells (Chang et al., 1982; Gwynn and Costa, 1982; Law et al., 1982 Law et al., , 1984 Blanchard et al., 1983) . Evidence for similar brain opiate receptor desensitization in vivo has been inconsistent at best (Pert et al., 1973; Hitzemann et al., 1974; Klee and Streaty, 1974; HolIt et al., 1975) . Nevertheless, the turnover of opiate receptors has been demonstrated in vivo (Young et al., 1980) .
In light of these observations, it is possible that opiate receptors either could be internalized via the coated pit-endosome pathway or could undergo exocytosis in this manner. We predicted, therefore, that opiate receptors should occur in coated vesicles. In this paper we present evidence for the presence of stereospecific opiate receptors in clathrin-coated vesicle preparations from bovine brain, by Pfeffer and Kelly (1985) was adopted. The major modifications of this method included the use of successive linear D,O-Ficoll gradients and a final step In which the coated vesicles were sized on a 1.5 x 39 cm controlled pore (mean pore diameter, 205 nm) glass bead column to remove residual contaminants which were generally larger in size than the desired vesicles (Pfeffer and Kelly, 1981) . The elution buffer contained 0.2 M sucrose, 0.3 M NaCI, 10 mM HEPES, and 10 mM EGTA, pH 7.0. Yields were lower than those of the initial method, but nearly homogeneous coated vesicles were obtained.
Materials and Methods
Dissociation of c/athr;in coats. Highly punfred clathrin-coated vesicles (fraction II) were collected from the glass bead column and centrifuged at 100,000 x g for 1 hr. One half of the pellet was resuspended in 5 ml of 0.5 (Keen et al., 1979) . The other half was added to 5 ml of homogenization buffer (10 mM HEPES, 150 mM NaCI, 1 mM EGTA, and 0.1 mM MgC12, pH 7.4) and served as a control. Both mixtures were incubated for 15 mln at 25°C and were again centrifuged at 100,000 X g for 1 hr. Assessment of the homogeneity of fractions was based upon an area density analysis of electron micrographs (Weibel and Knight, 1964 
Results
Preparation and characterization of clathrin-coated vesicles. Homogeneity of coated vesicles, prepared by the Blitz et al. (1977) modification of the original Pearse (1975) method, was monitored by electron microscopy (EM) and SDS-PAGE. EM revealed that the predominant organelles in this preparation were coated vesicles and hexagonal baskets. Upon SDS-PAGE of the coated vesicle fraction, the most prominent band appeared at 180,000 daltons. There were also three less heavily stained bands giving an overall pattern that is characteristic of bovine brain coated vesicles (Blitz et al., 1977; Pearse, 1978; Keen et al., 1979) . At least two of the bands have been identified as clathrin heavy and light chains (at 180,000, and 35,000 daltons) (Pearse, 1975) , whereas two others appear to be constitutive to coated vesicles (100,000 and 55,000 daltons) (Pearse, 1978) . These four proteins have been estimated to account for 90% of the total protein in purified coated vesicles. A scan of three different gels with a laser densitometer revealed that the four bands constitute at least 72% of the total Coomassie blue-stained material in our preparation. Due to differential staining of protein, this value represents an approximation, but it must be taken into consideration when comparing specific binding activity of coated vesicles with that of other membrane preparations.
Defecfion of opiate-binding sites. Freshly prepared coated vesicles were immediately used in binding assays with tritiated naltrexone or etorphine (Table I) . A 2.5.fold increase in specific naltrexone binding in coated vesicles over the original 100,000 x g sediment was realized. This indicates a specific enrichment of opiate receptors in coated vesicle preparations, even without taking into consideration the predominance of clathrin in these fractions. The coated vesicle receptors recovered represent approximately 5% of the microsomal subpopulation.
To determine whether authentic opiate receptors were present in coated vesicles, we assessed their stereospecificity and sensitivity to guanine nucleotides and sodium (Simon et al., 1973; Blume, 1978; Childers and Snyder, 1980) . Naltrexone binding was stereospecific as shown by the absence of inhibition by 1 pM dextroallorphan, the pharmacologically inactive enantiomer of levallorphan that displays low affinity for opioid receptors (Fig. 1) . Sensitivity to the guanine nucleotide analogue, 50 PM guanyC5'-yl imidodiphosphate, for both agonist and antagonist binding was also noted, but only the inhibition of etorphine binding was statistically significant. Etorphine binding was also inhibited by 100 mM NaCI. This inhibition is another criterion of both synaptic plasma membrane (Simon et al., 1973) and microsomal (Roth et al., 1981) opiate receptors. Finally, evidence for saturability and high affinity binding was also obtained. In saturation binding experiments with coated vesicles (fraction II) eluted from the glass bead chromatography column (see below), an apparent Kd of 0.2 nM for [3H]etorphine was estimated (data not shown).
Nonspecific binding in most assays, as determined in the presence of 1 PM levallorphan, was relatively high (etorphine: 42 f 3%, N = 8; naltrexone: 55 + 7%, N = 5). This could be due either to the relatively low protein concentrations used (0.3 to 0.5 mg/ml) and/or to the nature of bovine brain microsomal membranes. Two observations support this interpretation. First, nonspecific binding of naltrexone to crude bovine brain microsomes (42%, N = 3) and of naloxone to purified (Roth et al., 1982 ) bovine brain microsomes (35%, N = 4) (data not shown) were also above normal. Second, nonspecific binding of naltrexone and etorphine was reduced in experiments where protein concentrations were increased 60 to 100%.
Over the range of 0.2 to 0.4 mg of protein/ml, a linear relationship between etorphine binding to coated vesicle preparations (femtomoles) and protein concentration was observed (correlation coefficient = 0.97, data not shown). In studies with other membrane fractions and the same ligand concentration, the linear relationship between specific binding and protein concentration did not break down until higher protein levels were used. During the last sucrose density gradient centrifugation, a protein-rich fraction that was slightly less dense than coated vesicle fractions was resolved. Inspection by EM revealed that coated vesicles constituted less than 50% of this light fraction. Its specific naltrexone binding was less than 50% of the coated vesicle fraction as well. In contrast, a fraction judged to be 98% homogeneous by EM exhibited a specific naltrexone (0. Values represent the average of the three separate experiments performed In duplicate except for the study of the Na+ shift which was conducted twice. In these experiments 0.3 to 0.4 nM [3H]etorphine was used in binding assays. Mean specific binding of controls was 11 fmol/mg of protein for naltrexone and 10 fmol/ mg of protein for etorphine.
The guanyC5'-yl imidodiphosphate inhibition of etorphine was statistically significant (*, p < 0.01).
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Bennett et al. Vol. 5, No. 11, Nov. 1985 another approach was taken to enrich our preparations in coated vesicles. It had been noted that non-iso-osmotic concentrations of sucrose can cause partial destruction of coated vesicles with some attendant loss of their contents (Nandi et al., 1982; Pearse, 1982) . D,O-Ficoll gradients have been substituted in several different preparative protocols to reduce organelle disruption. In addition, Pfeffer and Kelly (1981, 1985) have introduced a final step of controlled pore glass bead permeation chromatography that afforded coated vesicles with fewer membrane protein contaminants. Exogenous radiolabeled synaptic vesicle membranes, that were added to brain tissue before homogenization, were resolved from coated vesicles by permeation chromatography.
These and other contaminating organelles were excluded from the glass beads and elute first from the column. Although synaptic vesicle components would not be expected to contain opioid receptors, these procedures clearly provide coated vesicles of much higher purity.
We therefore adopted these innovations to purify our coated vesicles further. After subjecting the microsomal pellet from bovine forebrain to three D,O-Ficoll continuous gradient centrifugations as described by Pfeffer and Kelly (1985) the partially purified (50 to 80%) coated vesicles were loaded onto a controlled pore glass bead column (Fig. 2) . As seen in the electron micrographs in Figure  3 , this step eliminated large vesicular contaminants and afforded more homogeneous coated vesicle preparations. Fraction II from the column contained the highest enrichment of coated vesicles as determined by volume density analyses, the highest clathrin concentrations by SDS-PAGE (Fig. 4) and the highest 280.nm absorbance to protein ratio (Fig. 2) and specific binding to opiate receptors showed a 4-fold enrichment over the membranes loaded onto the column (Table I) .
Fraction I contained a heterogeneous population of large smooth vesicles and few coated vesicles as judged by EM and SDS-PAGE. It also displayed a higher specific binding that may be due to membrane contaminants. Conversely, the possibility existed that some coated vesicles had lost their clathrin and aggregated, giving rise to large smooth vesicles with higher specific binding. To test the latter possibility further, coated vesicles from the peak II fraction were treated either with 0.5 M Tris buffer, pH 7.4, to remove their clathrin coats (Keen et al., 1979) or homogenization buffer to serve as a control (Table II) . After the incubation, both treated and control vesicles were centrifuged and the pellets were chromatographed on the glass bead columns once again. The Tris-treated sample displayed a peak I fraction that had 157% more protein than the control void volume had, whereas peak II contained only 31% of that collected in the control peak II fraction. Such a distribution of protein between fractions I and II could occur if a proportion of the coated vesicles were stripped of their clathrin coats, and underwent aggregation. During permeation chromatography, some aggregated vesicles would elute in the void volume. This would explain increased specific binding in fractions I and II (Table I) .
The above results suggested that, if clathrin dissociation occurs, aggregation of the uncoated vesicles and elution in fraction I could ensue. Examination of recoveries of the control fraction II coated vesicles (Table II) supported the notion that clathrin dissociation actually did occur during chromatography. Thus, upon rechromatography, the amount of control fraction II recovered was only 32% of the original loaded onto the column, and a new fraction I had appeared. Furthermore, estimations of protein from the supernatant fractions obtained after centrifugation of the incubation mixture revealed that Tris treatment caused greater losses of protein due to subsequent centrifugatton. This may be due to an inability to sediment clathrin trtskelion completely at 100,000 X g. In addition, since triskelion eluted from the column more slowly than does peak II and were not recovered, lower yields were observed with the Tris-treated fraction. The SDS-PAGE results (Fig. 4) also support this interpretation. Fraction I was devoid of clathrin (180,000 daltons) and some coated vesicle-associated proteins (100,000 and 35,000 daltons) that were predominant in fraction II. Nevertheless, there were protein bands (e.g., -50,000 daltons) common to both fractions I and II.
The diameters of coated vesicles isolated by DnO-Ficoll gradient centrifugation and permeation chromatography in this study ranged from 37 to 120 nm with a mean of 65.2 f 2.2. Large coated vesicles (>lOO nm) represented <3% of the total population. Coated vesicle diameters displayed a Gaussian distribution indicative of a single population. The dimensions correspond to those reported for guinea pig brain (50 to 100 nm) by Kanaseki and Kadota (1969) for porcine brain (60 to 105 nm) by Woods et al. (1978) and for bovine brain (50 to 90 nm) by Steven et al. (1983) .
Discussion
In this study bovine brain coated vesicle preparations, judged to be highly purified by EM and SDS-gel electrophoresis, were demonstrated to contained stereospecific, high affinity, opiate alkaloidbinding sites. Sensrtivity of agonist and antagonist binding to a guanine nucleotide analogue and inhibition of agonist binding by Na+ were also observed. The extent of this inhibition was consistent with values previously reported for rat brain membranes (Simon et al., 1973; Blume, 1978; Childers and Snyder, 1980) . This specific binding as well as its direct correlation with the proportion of coated vesicles in various fractions (as determined by simultaneous binding assays, SDS-gel electrophoresis, and electron microscopy) tends to obviate possible fortuitous contamination of these preparations with small amounts of opiate receptor-rich membranes. This is also supported by the fact that, in using the supernatant of a 20,000 x g centrifugation as starting material for coated vesicle preparations, the bulk of the synaptic plasma membrane fraction and therefore approximately 70% of the opiate receptors were eliminated. Any residual plasma membranes should be readily removed by the combination of successive linear D,O-Ficoll gradients and permeation column chromatography (Pfeffer and Kelly, 1981) .
In addition, experiments shown in Table II provided evidence to suggest that a portion of the smooth membranes eluting in the void volume (fraction I) may arise as a result of the dissociation of clathrin coats and the aggregation of the uncoated smooth vesicles. This loss of clathrin is also consistent with the greater specific binding of this fraction. If fraction I arose entirely from uncoated vesicles, it would have displayed specific binding that was 3-to 5fold greater than that of fraction II. Since this was not the case, it is reasonable to assume that other contaminants were present. Finally, the fact that the control sample in these experiments was recovered in normal yields (Pfeffer and Kelly, 1981) and displayed larger peak II and smaller peak I fractions than the Tris-treated sample supports this line of reasoning as well.
Another charactenstrc of receptors associated with coated vesicles IS a latency due to the fact that the binding site should be on the lumrnal side of the vesicle (Mello et al., 1980; Pilch et al., 1983) . Due to yield considerations, we chose not to test these receptors for latency in the initial studies described here. Instead we selected highly permeable hydrophobic opiate alkaloid ligands to circumvent the problem. In the studies cited above, detergent treatment was used to demonstrate latency, but the opiate receptor is notoriously sensitive to most detergents. In binding studies performed in collaboration with Dr. D. M. Chuang (Natronal institute of Mental Health), to address this question, we have now detected /I-adrenergic recep- to the trough between the two peaks, lanes E to H correspond to fraction II in Figure 2 and Table II, and lane  I corresponds to the fraction loaded onto the column. Note the Increase in clathrin (180,000) concentratron. Permeation Chromatography "One-half of the ongrnal fractton II was used in each incubatron. The recovery of control vesicles (60%) was srmrlar to the yields reported originally (Pfeffer and Kelly, 1981) b Supernatant refers to the unsedrmented portion of the rncubatron mixture In which clathnn coats were removed. in coated vesicle preparations. This is not only consistent with previous results but also completely obviates the possibility that the receptors that are present could originate from contaminant synaptic plasma membranes.
found within the Golgi region (60 to 80 nm) that are reported to be exocytotic (Friend and Farquhar, 1967; Mello et al., 1980; Pfeffer and Kelly, 1981; Willingham and Pastan, 1982) . Because of the paucity of large coated vesicles in brain and especially in their subcellular fractions, however, it may not be valid to associate size with an origin in plasma membrane or Golgi apparatus. To determine whether the opiate receptors isolated in the current study are internalized via the coated pit-endosome pathway and/or are undergoing exocytosis in Golgi coated vesicles, a morphological approach will be necessary.
In summary, these results implicate coated vesicles in opioid receptor transport in brain. For certain tissues, e.g., liver, vas deferens, and adrenal cortex, inspection by EM has revealed that endocytotic clathrin-coated vesicles derived from the plasma membrane are most likely larger (100 to 160 nm) than clathrin-coated vesicles 
